Introduction: Aneurysmal subarachnoid hemorrhage (aSAH) accounts for 5% of all strokes; 30-day mortality is as high as 40%. We sought to evaluate outcomes of aSAH patients treated 2004-2014 by endovascular therapy (EVT), to demonstrate associated trends, and to evaluate angioplasty use for aSAH-related cerebral vasospasm. Methods: The Nationwide Inpatient Sample (NIS) database 2004-2014 was used to derive a study cohort using ICD-9 codes. Survey procedures were used to adjust for stratified cluster design of NIS. NIS trend weights were used to generate national estimates. Mortality during hospitalization and use of angioplasty for aSAH-induced cerebral vasospasm trends were evaluated with multivariate regression analysis. Results: We identified n = 10,822 (weighted n = 52,062) EVT-treated aSAH hospitalizations. Increasing years independently predicted decreased mortality (odds ratio [OR] 0.926, 95% confidence interval [CI] 0.905-0.948, p < 0.0001), decreased utilization of angioplasty (age ≥ 50 years [OR 0.916, 95% CI 0.867-0.968, p = 0.0019] and age <50 years [OR 0.922, 95% CI 0.879-0.967, p = 0.0009]) after controlling for increasing age, Charlson comorbidity index, and external ventricular drain placement. Angioplasty rates were higher in age <50 years compared to age ≥ 50 years (5 vs. 3.63%, p < 0.001). Conclusion: It is notable that EVT for aSAH management will be an integral and increasingly useful tool for initial aneurysm management. Advances in procedural techniques, operator experience, and periprocedural management could be significant contributors of decreasing mortality and reducing the need for angioplasty for cerebral vasospasm in patients admitted with aSAH.
Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) accounts for 5% of all strokes and affects up to 22 per 100,000 persons per year worldwide. The 30-day morbidity and mortality have been reported to be as high as 50 and 40%, respectively [1, 2] . Emergent treatment of aSAH is primarily focused on securing the ruptured aneurysm by surgical or endovascular means. At one point, microsurgical aneurysmal clipping was the standard of care [3] . With the advent of endovascular therapy (EVT) reaching parity by 2005 in the US, craniotomy and microsurgical clipping has declined [4] . Early on, EVT demonstrated its efficacy in reducing aneurysmal rebleeding post aSAH [5] [6] [7] . In the International Subarachnoid Aneurysm Trials (ISAT), 1-year outcomes for EVT fared better over clipping considering morbidity, mortality, and seizure rate [8, 9] .
Management of aSAH has advanced significantly since EVT for intracranial aneurysms started more than 20 years ago [10] . This reflects in part the development of better materials, devices, operator skill, and improved neurocritical care management. Rincon et al. [11] evaluated epidemiology of nontraumatic subarachnoid hemorrhage using the National Hospital Discharge Survey (NHDS) database from 1979 to 2008, which showed a decrease in overall mortality; however, this study did not specifically evaluate aSAH treated with EVT. We sought to evaluate outcomes of aSAH treated from 2004 to 2014 by EVT and demonstrate the associated trends. We also aimed to evaluate angioplasty use for aSAH-related cerebral vasospasm.
Methods
The study cohort was derived from the Nationwide Inpatient Sample (NIS) database between 2004 and 2014. The NIS is the largest publicly available de-identified all-payer inpatient care database and is part of the Healthcare and Cost Utilization Project (HCUP). The NIS contains a sample of 20% of US hospitals and contains information on approximately 7 million hospitalizations per year. It is published in discharge abstract safeguarding format to de-identify of hospital and patient information.
ICD-9 codes 430, 431, and 432 in conjunction with ICD-9 procedure code 39.72 (endovascular repair/ embolization of head and neck vessel) were used to identify patients with aSAH treated with EVT (ICD-9 747.81 -cerebral arteriovenous malformation was excluded). Patients requiring external ventricular drain (EVD) and cerebral angioplasty were also identified to stratify higher-severity aSAH. In addition, a separate, but related study was done to evaluate cerebral vasospasm treated with angioplasty, with ICD procedure codes 00.62 and 39.50 used to identify candidate cases.
In both evaluations, comorbidities were controlled using the Charlson comorbidity index. The age of 50 has been demonstrated as a cutoff for differential risk of aSAH cerebral vasospasm [12] . Thus, subgroup analyses were done with the population being divided into ages <50 and ≥ 50 to elucidate differences in angioplasty trends.
Unpaired t test and Mann-Whitney U test were used to test differences between continuous variables. χ 2 test and Fisher exact test were used to test differences between categorical variables. Logistic regression was used for categorical variables controlling for confounder. SAS 9.4 (SAS Institute, Cary, NC, USA) was used for all analysis. Survey procedures were used to adjust for stratified cluster design of NIS. Trend weight provided by NIS was used to generate national estimates.
Results
We identified n = 10,822 (weighted n = 52,062) hospitalizations where aSAH was treated endovascularly ( Fig. 1 ) . Table 1 shows baseline characteristics of this population. The average age of the study cohort was 54.21 years, with 38.49% younger than the age of 50 years, and female patients accounted for 65.63%. The overall mortality was 13.27%, with a significantly higher mortality rate in age ≥ 50 years (15.81 vs. 8.95%, p < 0.001). The rate of EVD placement was higher in patients ≥ 50 years (10.21 vs. 8.51%, p = 0.02), whereas the rate of angioplasty was higher in patients ≤ 50 years (5.00 vs. 3.63%, p < 0.001). Overall, 26.28% admissions occurred during weekends and 83.78% were in large bed size hospitals (per NIS database definition of large bed size hospitals). ( Fig. 2 ) . In studying aSAH cerebral vasospasm treated with angioplasty, we found that after 2004 every additional year independently predicted decreased utilization of angioplasty (age ≥ 50 years [OR 0.916, 95% CI 0.867-0.968, p = 0.0019] and age <50 years [OR 0.922, 95% CI 0.879-0.967, p = 0.0009]) after controlling for increasing age, Charlson comorbidity index, and EVD placement. Requirement of EVD placement in the age <50 years population also predicted increased utilization of angioplasty (OR 2.023, 95% CI 1.230-3.326, p = 0.0055) ( Table 2 ) .
Discussion
aSAH bears significant morbidity and mortality risks. EVT is slowly becoming the preferred treatments for aSAH, due to its improved overall outcomes and minimally invasive nature. In general, the few cases wherein aSAH treatment from rupture is being deferred to clipping are due to large or giant aneurysm size, or aneurysmal neck characteristics unfavorable for EVT despite balloon remodeling [13] .
Our study cohort had an overall female gender preponderance, as well as higher mortality, comorbidity, disability at discharge, and EVD placement rate within the 50 years and older patient subgroup. In addition, the higher rates of angioplasty for cerebral vasospasm in younger than 50 years patients echo previously published demographic data in an aSAH population [12] .
As expected, multivariate models showed that increasing age, Charlson comorbidity index, and requirement of EVD placement were independent predictors of mortality. Although it is already established that with appropriate case selection, EVT could be superior to surgical clipping [9] , our study demonstrates an important trend of decreasing mortality. This suggests continuous improvement in outcomes and successful treatment rates of aSAH with EVT as time progressed from 2004 to 2014.
Cerebral vasospasm is another significant complication of aSAH and one of the major determinants of functional outcome. Vasospasm has been implicated in delayed ischemic neurologic deficit in 17-40% of aSAH patients [12, 14, 15] . Although there has been some controversy with respect to age and aSAH cerebral vasospasm, Kale and colleagues [12] showed that patients under 50 years of age carry an up to 5-fold increased risk of vasospasm compared with older patients. Our study demonstrated a higher rate of angioplasty utilization (5% [age <50] vs. 3.63% [age ≥ 50], p < 0.001) in a younger population. Also, requirement of EVD placement was an independent predictor of angioplasty utilization in the age <50 years subpopulation. These findings support the hypothesis that younger patients with an overall higher severity of SAH would entail a higher risk of developing cerebral vasospasm There were notable aspects we could not measure. We could not specifically evaluate trends of intra-arterial calcium channel blocker (CCB) use due to lack of specific ICD-9 procedure coding. One potential reason of the decreasing trend of angioplasty could be the increasing use of intra-arterial CCBs for aSAH-related vasospasm. Intra-arterial CCBs have demonstrated significant reductions in transcranial Doppler velocities, and vessel caliber has been shown to be increased by as much as 44%. Although the role of CCBs in vasospasm is not fully elucidated, in some studies, up to 72% of patients have had clinical improvement as well [16] [17] [18] . Still, it is important to note the decreasing trend of angioplasty in the older than 50 years of age population. Location and size of the aneurysm was not an available metric in the database; thus, it could not be controlled in the multivariate models. A majority of the cases were treated in larger hospitals (83.89%) in our study cohort. However, neurocritical and periprocedural care was not standardized, as this was a national retrospective study.
Conclusion
It is notable that EVT for aSAH management will be an integral and increasingly useful tool for initial aneurysm management. Advances in procedural techniques, operator experience, and periprocedural management could be significant contributors of decreasing 
